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ABSTRACT 

[Problem] 



[Solution] 



To offer a mobile radio terminal wherein the time interval for 
attempting reconnection operations is set according to the severance 
conditions at the time that a channel is severed, thus making the 
battery consumption low and enabling the channel to be recovered 
quickly. 

The invention comprises an RSSI averaging processing portion 5 for 
periodically averaging the intensity of a received signal, an RSSI 
derivative processing portion 6 for calculating derivative values which 
are the temporal changes in the averaged received signal intensities 
and a control portion 4 for controlling the terminal overall. The 
control portion 4 controls the time intervals between attempts such as 
to shorten the time interval between attempts at reconnection to the 
channel when the absolute value of the derivative value of the 
received signal intensity is at least a predetermined value, and to 
lengthen the time interval between attempts at reconnection to the 
channel when the absolute value of the derivative value of the 
received signal intensity is less than a predetermined value. 
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CLAIMS 

1. A mobile radio terminal for performing radio mobile communications with a 
radio base station, and when the communication channel is severed, performing 
reconnection to the channel at predetermined time intervals between attempts, the 
mobile radio terminal being characterized in that said time intervals between channel 
reconnection attempts are set according to a received signal intensity immediately prior 
to severance of the channel. 

2. A mobile radio terminal for performing radio mobile communications with a 
radio base station, and when the communication channel is severed, performing 
reconnection to the channel at predetermined time intervals between attempts, the 
mobile radio terminal being characterized by comprising: 

a radio portion for transmitting and receiving signals between said radio base 

station; 

a signal intensity averaging processing portion for periodically averaging the 
intensity of the signals received by the radio portion; 

a signal intensity derivative processing portion for calculating a derivative 
value which indicates the rate of change of the averaged received signal intensity over 
time; and 

a control portion for controlling time intervals between attempts such as to 
shorten the time interval between channel reconnection attempts when an absolute value 
of the derivative value of said received signal intensity is at least a predetermined value 
at the time the channel is severed, and to lengthen the time interval between channel 
reconnection attempts when the absolute value of the derivative value of said received 
signal intensity is less than the predetermined value. 

3. A mobile radio terminal as recited in claim 2, characterized in that said control 
portion controls the time intervals between channel reconnection attempts such as to be 
inverse proportional to the magnitude of the derivative value of said received signal 
intensity. 
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4. A mobile radio terminal as recited in claim 2, characterized in that said control 

portion sets the time intervals between channel reconnection attempts to a preset 
maximum value of time intervals between channel reconnection attempts if the average 
value of average received signal intensities at the time of channel severance is smaller 
than the reception sensitivity value in said radio portion. 

DETAILED DESCRIPTION OF THE INVENTION 

Field of Industrial Application 

The present invention relates to a mobile radio terminal in a mobile communication 
system such as a cellular telephone, and particularly relates to a mobile radio terminal 
having a function of automatically performing reconnection when the channel is 
severed. 

Prior Art 

In conventional mobile communication systems such as cellular telephones and the like, 
communications are performed by mobile radio terminals moving in service areas 
composed of a plurality of radio base stations wherein communications are possible. 
In this type of mobile communication system, when the connection conditions of 
communication channels become bad due to reductions in received signal intensity of 
the radio channels, the channel can be severed. In this way, when channels are severed 
during channel connection, an automatic reconnection operation is performed in order 
to reconnect the channel. 

In general, when a channel has been severed during channel connection and channel 
reconnection attempts are automatically made, the time intervals between reconnection 
operation attempts are set to be shorter in order to make the recovery of the channel 
quicker. 

Problems to be Solved by the Invention 

If the time interval between reconnection operation attempts is set short as mentioned 
above, then in situations where the probability of connection to the channel is low such 
as when the channel is severed because the mobile radio terminal has moved outside the 
service area of a radio base station, there is a large number of wasted reconnection 
operation attempts, so that the batteries of the mobile radio terminal are rapidly 
consumed. 

On the other hand, if the time interval between reconnection operation attempts is set 
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long, battery consumption such as mentioned above can be reduced, but when the 
channel has been temporarily severed due to entry into a tunnel or the shadow of a 
building while the mobile radio terminal is still in the service area of a base station, i.e. 
when there is a high probability of channel connection, the number of reconnection 
operation attempts until channel recovery will be reduced, but since the time interval 
until a single reconnection attempt is long, time is required in order to recover the 
channel. 

The present invention has been achieved in order to resolve the above-described 
problems, and has the purpose of offering a mobile radio terminal which deduces the 
conditions under which a channel was severed and sets the time intervals between 
channel reconnection operation attempts according to the severance conditions, thereby 
enabling the battery consumption to be reduced and enabling the channel to be 
recovered quickly. 

Means for Solving the Problems 

In order to resolve the above-mentioned problems, the mobile radio terminal according 
to claim 1 is a mobile radio terminal for performing radio mobile communications with 
a radio base station, and when the communication channel is severed, performing 
reconnection to the channel at predetermined time intervals between attempts, 
characterized in that the time intervals between channel reconnection attempts are set 
according to a received signal intensity immediately prior to severance of the channel. 

According to the above-described structure, if for example the received signal intensity 
immediately prior to channel severance is at least a predetermined value, then it is 
judged to have been temporarily severed inside the service area of a radio base station, 
so that by making the time interval between reconnection attempts shorter than a 
predetermined value, it is possible to quickly perform channel recovery under 
conditions where there is a high probability of channel recovery. Additionally, if the 
reception intensity immediately prior to channel severance is smaller than the 
predetermined value, then it is judged that the channel has been severed due to the 
mobile radio terminal having moved outside the service area of the radio base station, so 
that by making the time interval between reconnection attempts longer than a 
predetermined value, it is possible to reduce the battery consumption caused by repeated 
reconnection operations under conditions with a low probability of channel recovery. 

In order to resolve the above-mentioned problems, a mobile radio terminal of claim 2 is 
a mobile radio terminal for performing radio mobile communications with a radio base 
station, and when the communication channel is severed, performing reconnection to 
the channel at predetermined time intervals between attempts, characterized by 
comprising a radio portion for transmitting and receiving signals between said radio 
base station; a signal intensity averaging processing portion for periodically averaging 
the intensity of the signals received by the radio portion; a signal intensity derivative 
processing portion for calculating a derivative value which indicates the rate of change 
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of the averaged received signal intensity over time; and a control portion for controlling 
time intervals between attempts such as to shorten the time interval between channel 
reconnection attempts when an absolute value of the derivative value of said received 
signal intensity is at least a predetermined value at the time the channel is severed, and 
to lengthen the time interval between channel reconnection attempts when the absolute 
value of the derivative value of said received signal intensity is less than the 
predetermined value. 

According to this structure, at the time that a channel is severed, the control portion can 
deduce the channel severance conditions based on derivative values of the signal 
intensity derivative processing portion immediately prior to channel severance, and the 
time interval between channel reconnection attempts can be adjusted according to these 
deduced conditions, thereby enabling the channel to be recovered quickly while 
ensuring a reduction in battery consumption. 

That is, when the derivative value of the received signal intensity is a positive number 
or has an absolute value smaller than a predetermined value, this indicates that the 
received signal intensity changed gradually, thus implying a movement outside the 
service area, so that reductions in battery consumption can be ensured by setting the 
time interval between reconnection attempts to be long. Additionally, when the 
derivative value of the received signal intensity is a negative number or has an absolute 
value which is at least a predetermined value, this indicates a rapid change in the 
received signal intensity, which indicates a high probability of temporary shadowing by 
passage through a tunnel or the like in the service area, so that a swift channel recovery 
after the elimination of the shadowing can be ensured by setting the time interval 
between channel reconnection attempts short. 

In order to resolve the above-mentioned problems, the mobile radio terminal of claim 3, 
in addition to the structure of claim 2, is characterized in that the control portion 
controls the time intervals between channel reconnection attempts such as to be inverse 
proportional to the magnitude of the derivative value of said received signal intensity. 

According to the above-described structure, it is possible, in addition to the functions of 
claim 2, to perform channel reconnection operations with time intervals between 
attempts which correspond to the derivative values which indicate the channel 
severance conditions immediately prior to channel severance, thus enabling channel 
recovery to be performed appropriately in accordance with the conditions at the time of 
channel severance. Consequently, it is possible to reduce battery consumption of the 
mobile radio terminal by reducing needless channel reconnection operations in 
situations where the possibility of channel recovery is low, and also to rapidly achieve 
channel recovery in situations where the possibility of channel recovery is high. 

In order to resolve the above-mentioned problems, the mobile radio terminal of claim 4, 
in addition to the structure of claim 2, is characterized in that the control portion sets the 
time intervals between channel reconnection attempts to a preset maximum value of 
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time intervals between channel reconnection attempts if the average value of average 
received signal intensities at the time of channel severance is smaller than the reception 
sensitivity value in said radio portion. 

According to the above-described structure, in addition to the functions of claim 2, the 
time interval between channel reconnection operation attempts is made a maximum of 
preset values for the time interval between channel reconnection operation attempts 
when the received signal intensity is unstable such as in peripheral portions of the 
service area of a radio base station, thereby enabling a reduction in the number of 
needless channel reconnection operations which accompany intermittent channel 
severance in a state of unstable received signal intensities, thus reducing battery 
consumption of the mobile radio terminal. 

Embodiments of the Invention 

An embodiment of the present invention can be explained as follows with reference to 
Fig. 1. 

The mobile radio system according to the present embodiment is composed of a 
plurality of radio base stations forming radio channel service areas, and a mobile radio 
terminal which performs radio mobile communications with these radio base stations. 

As shown in Fig. 1, the above-described mobile radio terminal is composed of a radio 
portion 1 for transmitting and receiving radio waves between a radio base station which 
is not shown, a data processing portion 2 for performing a predetermined process on the 
transmitted and received signals, a speech processing portion 3 containing a microphone 
(call transmitting portion) and an ear speaker (call receiving portion), a control portion 4 
for performing control of the mobile radio terminal overall, an RSSI averaging 
processing portion 5 for averaging a received signal intensity (hereinafter abbreviated as 
RSSI) and an RSSI derivative processing portion 6 for taking the derivative of the 
averaged RSSI. 

In the data processing portion 2, the signals from the radio base station which are 
inputted via the radio portion 1 during activation of the mobile radio terminal are 
separated into speech data and control data, and the speech data are outputted to the 
speech processing portion 3, while the control data are outputted to the control portion 4. 
On the other hand, when the speech data from the speech processing portion 3 is 
transmitted to the radio base station, the speech data is combined with the control data 
from the control portion 4, and outputted via the radio portion 1 to the radio base 
station. 

In the speech processing portion 3, the speech data inputted from the ear speaker is 
reproduced as received speech, while the speech inputted from the microphone is 
converted to speech data and outputted to the data processing portion 2. 
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In the RSSI averaging processing portion 5, the received signal intensity data of the 
radio portion 1 is inputted and averaged every standard period of time (e.g. 20 msec), 
and the last N averaged RSSI N sample data are stored (N being an integer greater than 
or equal to 1). Then, the averaged RSSIn sample data are outputted to the control 
portion 4 and RSSI derivative processing portion 6. 

In the RSSI derivative processing portion 6, the rate of change over time is calculated 
from N sample data of the RSSI averaging processing portion 5, and the derivative 
value of RSSI is calculated. For example, the derivative value RSSIdifN N of RSSI 
with respect to the last N samples can be determined as RSSIn-i - RSSIn- Then, the 
calculated derivative value RSSIdif is stored in the RSSI derivative processing portion 6 
and outputted to the control portion 4. 

The control portion 4 performs channel control based on control data from the data 
processing portion 2 and controls the reconnection operation when the channel is 
severed based on the averaged RSSI N sample data from the RSSI averaging processing 
portion 5 and derivative values RSSIdif from the RSSI derivative processing portion 6. 
That is, the control portion 4 has the function of automatically attempting a channel 
reconnection operation when the channel is severed during channel connection. 

That is, the control portion 4 performs a communication channel severing process when 
the RSSI level falls due to some factor and the communication channel connection 
cannot be maintained, refers to the RSSI derivative values from immediately prior to 
channel severance stored in the RSSI derivative processing portion 6, deduces the 
condition at the time of channel severance from this RSSI derivative value, and sets a 
time interval for reconnection attempts from the conditions at the time of channel 
severance deduced from this RSSI derivative value, thus to perform the reconnection 
operation. 

Generally speaking, the reasons for a channel being severed during channel connection 
include cases where the mobile radio terminal has moved outside the service area 
formed by the radio base station, and cases where the mobile radio terminal, while still 
inside the service area, is in a place where the mobile radio terminal is shadowed, i.e. 
passing through a tunnel or moved into the shadow of a building, where radio waves 
temporarily cannot reach. 

Therefore, when the channel is severed, if the mobile radio terminal has moved outside 
the service area, the probability that the channel will recover is low, and reconnection 
operation attempts are often in vain. On the other hand, if the mobile radio terminal 
has moved to a place where there is shadowing inside the service area, then there is a 
high probability that the channel will recover, and it is often the case that the channel 
will immediately recover if a reconnection operation is attempted. Consequently, this 
shows that the times for attempting channel reconnection operations by means of the 
mobile radio terminal should be set based on the conditions whereby the channel was 
severed. 
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Here, the control in the control portion 4 of the mobile radio terminal which deduces the 
conditions at the time of channel severance and attempts channel reconnection 
operations based on these deduced conditions shall be explained below. 

When the derivative value of RSSI at the time a channel severance occurred is taken as 
the above-mentioned RSSIdifN N , if RSSIdifN N is a negative value, then this indicates 
that the channel was severed when RSSI was decreasing, and if the negative value is 
even larger, then this indicates that the RSSI level dropped suddenly immediately prior 
to severance, from which it can be deduced that the channel severance is such that the 
channel severance occurred due to temporary shadowing. 

On the other hand, if the absolute value of the above-described RSSIdifNN is small and 
the RSSI sample data values in the RSSI averaging processing portion 5 are smaller 
than a predetermined value, then this indicates that the RSSI gradually decreased, from 
which it can be deduced that the channel severance occurred by the mobile radio 
terminal moving outside the service area of the radio base station. 

Thus, the control portion 4 determines the channel recovery will be able to be 
performed immediately when the channel severance is due to shadowing, and the time 
interval between channel reconnection attempts is set to be comparatively short. As a 
result, when the channel is severed, the channel can be quickly recovered by performing 
a channel reconnection operation with a short time interval between attempts. 

Additionally, when the severance of the channel is due to the mobile radio terminal 
moving outside the service area of the radio base station, the control portion 4 judges 
that there is not much possibility of channel recovery, and sets the time interval between 
channel reconnection attempts to be comparatively long. As a result, by performing 
channel reconnection operations with a long time interval between attempts when the 
channel is severed, it is possible to reduce needless channel connection operations, 
thereby reducing the battery consumption of the mobile radio terminal. 

The sampling interval for received signal intensities in the above-mentioned RSSI 
averaging processing portion 5 is not limited to the above-mentioned 20 msec, and is 
required only to be an interval of a few tens of milliseconds. Additionally, the number 
of times RSSI is averaged is not particularly restricted, but a few times is desirable. 

Additionally, the time interval between channel reconnection attempts is not restricted 
as long as it is set to a value such as to be able to make channel recovery faster when it 
is expected that channel will be able to recover faster, and such as to reduce battery 
consumption when it is respected that channel recovery will be delayed. 

For example, as a method for setting the time interval between attempts, it is possible to 
consider setting the time interval between attempts such as to be inverse proportional to 
the magnitude of RSSIdifN N which is the derivative value immediately prior to channel 
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severance of the RSSI derivative processing portion 6. In this case, it is possible to 
perform channel reconnection operations at a time interval between attempts which 
corresponds to the derivative value RSSIdifNN from which the channel severance 
conditions immediately prior to channel severance are deduced, so that channel 
recovery is performed appropriately in accordance with the conditions at channel 
severance. Consequently, by reducing unneeded channel reconnection operations 
under conditions where the possibility of channel recovery is low, it is possible to 
reduce battery consumption of the mobile radio terminal, while enabling the quick 
recovery of the channel under conditions where the possibility of channel recovery is 
high. 

Aside from setting the time interval between attempts as described above, there is a 
method of prestoring a plurality of threshold levels of different levels and time intervals 
corresponding to these threshold levels, comparing RSSIdfN N which is the derivative 
value of the RSSI derivative processing portion 6 immediately prior to channel 
severance with the above- described threshold levels, and making the time interval 
between channel reconnection attempts equal to a time interval corresponding to a 
threshold level where the absolute value of the difference is within a predetermined 
value. 

Additionally, there is a method such that when the average level of RSSI at the time of 
channel severance is less than a value (threshold level) corresponding to the reception 
sensitivity in the radio portion 1 of the mobile radio terminal, a time interval between 
attempts based on the derivative values from the RSSI derivative processing portion 6 is 
not employed, and the maximum time interval capable of being set by the mobile radio 
terminal is set as the time interval between attempts. In this case, when the reception 
signal intensity is unstable such as in peripheral portions of the service area of a radio 
base station, it is possible to reduce the number of unneeded channel reconnection 
operations which accompany intermittent channel severance in a situation where the 
received signal intensity is unstable by maximizing the set value for the time interval 
between channel reconnection operation attempts, thereby enabling battery consumption 
in the mobile radio terminal to be reduced. 

Effects of the Invention 

As described above, the mobile radio terminal of the invention of claim 1 is a mobile 
radio terminal for performing radio mobile communications with a radio base station, 
and when the communication channel is severed, performing reconnection to the 
channel at predetermined time intervals between attempts, having a structure wherein 
said time intervals between channel reconnection attempts are set according to a 
received signal intensity immediately prior to severance of the channel. 

Consequently, if for example the received signal intensity immediately prior to channel 
severance is at least a predetermined value, then it is judged to have been temporarily 
severed inside the service area of a radio base station, so that by making the time 
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interval between reconnection attempts shorter than a predetermined value, it is possible 
to quickly perform channel recovery under conditions where there is a high probability 
of channel recovery. Additionally, if the reception intensity immediately prior to 
channel severance is smaller than the predetermined value, then it is judged that the 
channel has been severed due to the mobile radio terminal having moved outside the 
service area of the radio base station, so that by making the time interval between 
reconnection attempts longer than a predetermined value, it is possible to reduce the 
battery consumption caused by repeated reconnection operations under conditions with 
a low probability of channel recovery. 

As described above, the mobile radio terminal of the invention of claim 2 is a mobile 
radio terminal for performing radio mobile communications with a radio base station, 
and when the communication channel is severed, performing reconnection to the 
channel at predetermined time intervals between attempts, with a structure comprising a 
radio portion for transmitting and receiving signals between said radio base station; a 
signal intensity averaging processing portion for periodically averaging the intensity of 
the signals received by the radio portion; a signal intensity derivative processing portion 
for calculating a derivative value which indicates the rate of change of the averaged 
received signal intensity over time; and a control portion for controlling time intervals 
between attempts such as to shorten the time interval between channel reconnection 
attempts when an absolute value of the derivative value of said received signal intensity 
is at least a predetermined value at the time the channel is severed, and to lengthen the 
time interval between channel reconnection attempts when the absolute value of the 
derivative value of said received signal intensity is less than the predetermined value. 

As a consequence, at the time that a channel is severed, the control portion can deduce 
the channel severance conditions based on derivative values of the signal intensity 
derivative processing portion immediately prior to channel severance, and the time 
interval between channel reconnection attempts can be adjusted according to these 
deduced conditions, thereby enabling the channel to be recovered quickly while 
ensuring a reduction in battery consumption. 

As described above, the mobile radio terminal of the invention of claim 3, in addition to 
the structure of claim 2, has a structure wherein the control portion controls the time 
intervals between channel reconnection attempts such as to be inverse proportional to 
the magnitude of the derivative value of said received signal intensity. 

Consequently, it is possible, in addition to the effects of claim 2, to perform channel 
reconnection operations with time intervals between attempts which correspond to the 
derivative values which indicate the channel severance conditions immediately prior to 
channel severance, thus enabling channel recovery to be performed appropriately in 
accordance with the conditions at the time of channel severance. 

Thus, it is possible to reduce battery consumption of the mobile radio terminal by 
reducing needless channel reconnection operations in situations where the possibility of 
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channel recovery is low, and also to rapidly achieve channel recovery in situations 
where the possibility of channel recovery is high. 

As described above, the mobile radio terminal of claim 4, in addition to the structure of 
claim 2, has a structure wherein the control portion sets the time intervals between 
channel reconnection attempts to a preset maximum value of time intervals between 
channel reconnection attempts if the average value of average received signal intensities 
at the time of channel severance is smaller than the reception sensitivity value in said 
radio portion. 

Consequently, in addition to the effects of claim 2, the time interval between channel 
reconnection operation attempts is made a maximum of preset values for the time 
interval between channel reconnection operation attempts when the received signal 
intensity is unstable such as in peripheral portions of the service area of a radio base 
station, thereby enabling a reduction in the number of needless channel reconnection 
operations which accompany intermittent channel severance in a state of unstable 
received signal intensities, thus reducing battery consumption of the mobile radio 
terminal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A schematic block diagram of a mobile radio terminal according to an 
embodiment of the present invention. 

Description of the Reference Numbers 

1 radio portion 

4 control portion 

5 RSSI averaging processing portion 

(received signal intensity averaging processing portion) 

6 RSSI derivative processing portion 

(received signal intensity derivative processing portion) 



